The ω-pore in the Shaker K + channel is selective for cations (1) , although selectivity has not been characterized quantitatively. The monovalent ions, Li + , Na + , K + , and Cs + pass through the pore with a weak preference for the larger cations (2) . Positively charged guanidinium ions also cross the membrane through the ω-pore, with a conductivity ∼8 times higher than that of other cations (2) . The lack of strong ionic selectivity among cations (in contrast to the highly selective central conduction pore) suggests that there are no specific interactions between permeant ions and the protein side chains. Electrostatic interactions between the ions and protein residues govern the permeation pathway of the ions within the pore. The negatively charged residues located near the constriction region (E1D and E0) provide an energetic barrier for Cl − ions. Electrostatic forces within the narrow constriction region, separating intra-and extracellular solutions, precludes permeation of Cl − ions while attracting the positively charged K + ions lingering around the extracellular mouth of the VSD. The flexible nature of the VSD (reported in (3-5)) allows for expansion and contraction of the pore to accommodate larger or smaller cations, while excluding (to some extent) anions.
Molecular Dynamics Simulations
MD simulations were carried out using the program NAMD (6) and the CHARMM27 force field parameter set for proteins (7; 8) , ions (9) , and phospholipids (10; 11), with the TIP3P water model (12) . All simulations were performed at constant temperature and constant pressure, with a fixed cross-sectional area for the membrane after the initial adjustment (NP n AT ensemble) (13) . Assuming periodic boundary conditions, the particle mesh Ewald (PME) method (14) with a grid spacing of ∼1Å in each dimension was employed for the computation of long-range electrostatic forces. All simulations employed time steps of 1 fs, 2 fs, and 4 fs for bonded, non-bonded, and electrostatic calculations, respectively. Langevin dynamics with a friction coefficient of γ = 5 ps −1 was used to keep the temperature constant. The Langevin piston Nosé-Hoover method (15) 
